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1�� INTRODUCTION 

β-Thalassemia is a rare hereditary blood disorder found most commonly in persons of 
Mediterranean, Middle Eastern, Indian, and South Asian descent (Colah et al., 2010). Due to the 
rarity of this disease in North America, published research on the prevalence of β-thalassemia in 
the United States (US) is limited. In California, it is estimated that 1.8 in 100,000 births are 
affected by β-thalassemia (Michlitsch et al., 2009), based on the mandatory screening for 
hemoglobinopathies in this state. Adjusting from this state-wide rate and assuming the incidence 
of milder forms, it is estimated that the prevalence of β-thalassemia in the US population is 
~5500 patients. However, this is likely an over-estimate as it assumes a normal life expectancy, 
which is not the case for the majority of patients (Delea et al., 2007), and immigration from Asia 
to California has likely led to a local increase in the state. The Thalassemia Clinical Research 
Network of the National Heart, Lung, and Blood Institute developed a registry and surveyed 
non-Network sites resulting in an estimate of ~1000 patients in the US and Canada with 
β-thalassemia. In brief, it appears that the estimated prevalence of β-thalassemia in the US is 
approximately 1,000 patients.  

β-Thalassemia results from a biochemical imbalance in the monomeric globin chains of the 
hemoglobin tetramer. Normally existing at an approximate 1:1 ratio, causative mutations impair 
the production of β-globin and lead to a relative excess of α-globin. Unable to form hemoglobin 
(Hb) tetramers on their own, the excess α-globin chains become insoluble and form a precipitate 
that damages the developing red blood cell (RBC). The clinical implications of the 
α-globin/β-globin imbalance are 2-fold: 1) patients lack sufficient RBCs and Hb to effectively 
transport oxygen throughout the body; and 2) RBCs suffer an elevated rate of hemolysis that 
leads to morbidity through chronic vasculature damage. 

The clinical course of β-thalassemia correlates with the degree of globin chain imbalance and is 
most severe in patients with β-thalassemia major. These patients require >100 mL/kg/year of 
packed RBCs (pRBC) or ≥8 transfusions per year, and produce little to no β-globin. In terms of 
genotype, most patients with the β0/β0 genotype and many with the βE/β0 genotype suffer from 
β-thalassemia major. β-Thalassemia major is diagnosed in infancy, and affected patients have 
profound hypochromic, microcytic anemia, producing as little as 1 to 7 g/dL of total Hb 
(Rachmilewitz and Giardina, 2011; Olivieri, 1999). In many developing countries where 
necessary chronic blood transfusions are not readily available, children with β-thalassemia 
major have a poor prognosis and experience growth retardation, hepatosplenomegaly, and 
skeletal deformities resulting from extra-medullary hematopoiesis. Ultimately, most die in 
childhood (Adams, III and Coleman, 1990). 

Where adequate treatment is available, patients with β-thalassemia major receive chronic blood 
hypertransfusion regimens aimed at maintaining steady-state Hb levels of about 9-10 g/dL. This 
regimen consists of infusions with 3 units of pRBCs every 3 to 5 weeks, and is highly effective 
at preventing the hallmark symptoms of childhood β-thalassemia major. However, chronic 
transfusions introduce a large amount of elemental iron into the body (Cao et al., 1996), and 
over time lead to mortality through iron overload-associated heart and liver toxicity (Vichinsky 
et al., 2005; Cao et al., 1996). In order to prevent iron overload associated risks, patients must 
adhere to iron chelation regimens administered orally (Hoffbrand et al., 2003; Cappellini et al., 
2006) or subcutaneously (Olivieri and Brittenham, 1997). However, compliance remains a key 



Protocol HGB-204 Version 5.0 Page 15 of 67��
29 June 2015  
 

bluebird bio, Inc.  

challenge, and even with current therapies, overall survival until the age of 30 is only 55% 
(Modell et al., 2000; Delea et al., 2007). 

The only cure for β-thalassemia major is allogeneic hematopoietic stem cell transplant (HSCT). 
For pediatric subjects with available human leukocyte antigen (HLA)-identical sibling donors 
(< 25% of cases), outcomes from this potentially curative procedure are promising. A recent 
large-scale allogeneic HCT study in 179 pediatric subjects (Sabloff et al., 2011) reported overall 
and disease-free survival rates of 91% and 88%, respectively. Approximately 9.5% of subjects 
suffered graft failure, and 38% and 13% experienced acute or chronic graft-versus-host-disease 
(GVHD), respectively. Unfortunately, the experience with allogeneic HSCT in adult subjects is 
considerably worse, with a 27% transplant-related mortality and only a 67% rate of thalassemia-
free survival (Gaziev et al., 2005). In another study in 68 adults with thalassemia receiving 
HSCT using a matched, unrelated donor, overall rates of survival, disease-free survival, 
rejection, and transplant-related mortality were 79%, 66%, 14%, and 21%, respectively 
(Lucarelli et al., 2012). Therefore, in adults, HSCT is not a commonly prescribed approach to 
treatment and these subjects have a limited life-expectancy. 

Based on the pioneering work of Philippe Leboulch, MD, PhD to develop therapeutic 
applications of gene therapy for β-globin disorders (Cavazzana-Calvo et al., 2010), and in order 
to provide an effective and safer alternative to allogeneic HSCT, bluebird bio is developing 
LentiGlobin BB305 Drug Product (autologous CD34+ hematopoietic stem cells transduced with 
LentiGlobin BB305 lentiviral vector encoding the human βA-T87Q-globin for the treatment of 
β-thalassemia major.  

The LentiGlobin BB305 lentiviral vector is a replication defective, self-inactivating (SIN), 
human immunodeficiency virus type 1 (HIV-1) based lentiviral vector encoding a single codon 
variant of the β-globin gene, βA-T87Q, which conserves the protein’s function while allowing for 
quantification relative to other globin species. Expression of the βA-T87Q gene is driven by the 
erythroid lineage specific globin locus control region (LCR) to correct the β-globin/α-globin 
imbalance in erythrocytes.  

Gene therapy with LentiGlobin BB305 Drug Product involves the isolation of autologous 
mobilized hematopoietic CD34+ cells followed by transduction ex-vivo to introduce the 
βA-T87Q-globin therapeutic gene. After undergoing myeloablation, subjects receive LentiGlobin 
BB305 Drug Product via intravenous (IV) infusion, leading to peripheral reconstitution with 
corrected erythrocytes. As LentiGlobin BB305 Drug Product consists of genetically-modified 
autologous cells, the risks of GVHD and graft rejection are eliminated. 

A previous LentiGlobin lentiviral vector (LentiGlobin HPV569 lentiviral vector) was utilized in 
a clinical study, LG001, in which 3 subjects with β-thalassemia major were treated (Cavazzana-
Calvo et al., 2010). bluebird bio has designed LentiGlobin BB305 lentiviral vector to improve 
the transduction efficiency, integrated provirus stability, and safety of this earlier LentiGlobin 
lentiviral vector  (NC-11-001-R; NC-11-004-R). (See Section 3.2.1 for details.)  

Nonclinical studies have been performed to support the use of LentiGlobin BB305 lentiviral 
vector in clinical studies. Results of such studies showed transduction efficiency of CD34+ cells 
to be higher with LentiGlobin BB305 lentiviral vector than with HPV569. The improved 
transduction efficiency resulted in a greater amount of therapeutic globin produced in erythroid 
colonies with LentiGlobin BB305 lentiviral vector  than with HPV569, while the level of 
expression per copy remained unchanged (NC-11-001-R; NC-11-004-R). 



1.1 Potential Risks 
1.1.1. Oncogenesis by Insertional Mutagenesis 
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Thus, subjects who require 2 mobilization cycles to produce the minimum cell dose will be 
treated with 2 drug products in total. Mobilization cycles must be separated by at least 2 weeks. 
A bone marrow harvest is also allowed, but only to procure cells for rescue.  
The harvested cells to be used for transduction will be selected for the CD34+ marker to enrich 
for HSCs, transduced with LentiGlobin BB305 Lentiviral Vector, and stored under the vapor 
phase of liquid nitrogen while testing is ongoing. 
Stage 3: Myeloablative conditioning and infusion of LentiGlobin BB305 Drug Product 
After the transduced cells are dispositioned for clinical use, the subject will undergo 
myeloablative conditioning with busulfan. Busulfan will be administered intravenously (IV) at a 
starting dose of 3.2 mg/kg/day or 0.8 mg/kg every 6 hours for 4 consecutive days. The dose of 
busulfan will be adjusted based upon first dose busulfan pharmacokinetics in order to maintain 
appropriate levels for myeloablation (area under the curve [AUC] goal of 1000 [range 900 to 
1200] µM*min for an every 6 hours [q6h] dosing regimen, or 4000 [range 3600 to 
5000] µM*min for a once daily [qd] dosing regimen). Clinical sites that use a test dose of 
busulfan several days before beginning myeloablation to pre-determine busulfan dose may also 
do so in this protocol. After completion of the 4-day course of busulfan, there must be a 
minimum of 72 hours of busulfan washout before drug product infusion.   
On Day 0, after thawing, the LentiGlobin BB305 Drug Product(s) will be administered via IV 
infusion at a dose of ≥ 3.0 × 106 CD34+ cells/kg.  Subjects who undergo 2 mobilizations (and 
subsequent transduction of those cells) to achieve a total dose of ≥ 3.0 × 106 CD34+ cells/kg 
will have 2 LentiGlobin BB305 Drug Products, which should be administered in sequence, with 
the second administered immediately after the first. 
Stage 4: Follow-up, through engraftment and 24 months after drug product infusion 
Subjects will be followed daily in the transplant unit for adverse events (AEs), and laboratory 
parameters will be followed to monitor bone marrow engraftment. The subject may be 
discharged from the transplant unit once: 
1) engraftment occurs (defined as an ANC ≥ 0.5 × 109/L for 3 consecutive days); and 
2) the subject is considered medically stable.  
After discharge, subjects will be followed in this protocol for a minimum of 24 months after 
LentiGlobin BB305 Drug Product infusion. 

3.1.1�� Data Monitoring Committee 

A DMC comprised of members with appropriate scientific and medical expertise to monitor the 
study will be convened before the study is opened. A charter describing the composition and 
conduct of the DMC will be issued by the Sponsor and agreed to by all DMC members prior to 
the DMC’s initial meeting. 

A DMC chairperson will be appointed who will be responsible for the overall operation of the 
DMC. Minutes from each meeting will be recorded and archived. 

The DMC will meet by teleconference at regular intervals, approximately once every 3 months, 
or more or less frequently if needed, and depending on speed of subject enrollment and amount 
of new data generated. The DMC will be charged with review of all unexpected LentiGlobin 
Drug Product treatment-related SAEs following notification by the Sponsor. 
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It will be the responsibility of the Sponsor or Sponsor’s designee to promptly contact the 
chairperson of the DMC about all unexpected AEs (i.e., unexpected in nature and / or in 
severity). 

The DMC will have the right to recommend halting the study at any time due to concerns for the 
safety of the subjects. (Refer to Section 3.5.2 for the enrollment suspension criteria). 

3.2�� Rationale  for the Study 

Allogeneic HSCT is associated with a high rate of transplant-related mortality, particularly in 
adults, where it is not considered a standard of care for β-thalassemia major. In order to provide 
a potentially curative treatment to adults with β-thalassemia major, bluebird bio is developing 
LentiGlobin BB305 Drug Product (autologous CD34+ HSCs transduced with LentiGlobin 
BB305 lentiviral vector encoding the human βA-T87Q-globin gene) for the treatment of 
β-thalassemia major.  

Nonclinical study findings have shown that the therapeutic βA-T87Q-globin gene is under the 
transcriptional control of the erythroid-specific human β-globin promoter and β-globin Locus 
Control Region elements (DNase I hypersensitive sites HS2, HS3, and HS4) (Pawliuk et al., 
2001; Oh et al., 2004; Imren et al., 2002). Similarly effective ex vivo globin gene transfer into 
human CD34+ HSCs was observed (Imren et al., 2002). The �EA-T87Q-globin protein level 
expressed can be quantified by high performance liquid chromatography (HPLC) and 
distinguished from that of wild-type �E-globin expressed from the endogenous genes or derived 
from transfused RBCs (Pawliuk et al., 2001). This property is important for demonstrating a 
biological effect in subjects with �E-thalassemia major by detection of engraftment with cells 
expressing the transferred gene, since subjects may be transfused with normal hemoglobin 
�D2�EA2 (HbA)-containing blood during the study. 

Nonclinical studies have been performed to support the use of LentiGlobin BB305 lentiviral 
vector in clinical studies; refer to the Investigator’s Brochure for summaries of study results. 

Treatment of �E-hemoglobinopathies with gene therapy is also expected to eliminate the major 
risk of GVHD associated with allogeneic HSCT, since the CD34+ cells transduced with the 
lentiviral vector are autologous. In addition, in order to avoid complications of extensive 
immunosuppression associated with the conditioning regimen necessary for allogeneic HSCT, 
the proposed protocol is designed to use the single agent busulfan for myeloablative bone 
marrow conditioning, and does not rely on immunosuppressive agents such as 
cyclophosphamide or fludarabine that are required for allogeneic transplant. 

Data from nonclinical studies and from clinical studies in subjects with hemoglobinopathies, 
including �E-thalassemia, indicate that partial chimerism with the transduced HSCs (animal 
studies) or allogeneic HSCs (human studies) results in quasi-complete peripheral reconstitution 
with corrected RBCs, because of their extended life-span (Vermylen, 2003; Pawliuk et al., 2001; 
Oh et al., 2004; Lucarelli et al., 1993; Imren et al., 2002). This is an important observation, 
which underscores the feasibility of the proposed clinical study. Indeed, bone marrow 
reconstitution with as low as 11% of HSCs containing the therapeutic gene is likely to result in 
clinical benefit to the patients (Walters et al., 2001; Lucarelli et al., 2001). 

There was no clinical data with LentiGlobin BB305 Drug Product when this study initiated. 
However, as stated previously, 3 subjects were treated using LentiGlobin HPV569 Drug Product 
under Protocol LG001. All 3 subjects treated were adults with β-thalassemia major who 
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3.2.2�� Rationale for the β-globin Gene Used 

The �E-globin gene used in this study is the wild-type human �E-globin gene with 1 single 
modification at amino-acid position 87 [�EA87 Thr:Gln (�EA-T87Q)]. This change encodes 
1 amino-acid residue from the normal human �G- and �J-globin genes within a stretch of amino 
acids highly conserved in both human �EA-, �G- and �J- globin chains.  

This gene has an advantage over the normal �E-globin gene for the gene therapy of �E-thalassemia 
in that both �EA-T87Q-globin and Hb containing this chain can be distinguished from wild-type 
human �E-globin and HbA by HPLC (Pawliuk et al., 2001; Imren et al., 2002). This is especially 
important in a clinical study setting, as the ability to accurately detect the engraftment of 
transduced cells will not be impaired in subjects who require transfusion with normal 
HbA-containing blood post-transplant. 

Immunogenicity with �EA-T87Q is not anticipated. β-globin proteins are notoriously poorly 
immunogenic, as evidenced by the fact that patients with β0/β0 thalassemia do not develop anti-
hemoglobin antibodies despite receiving multiple transfusions (Olivieri, 1999). In addition, 
efforts as published by Reichlin to identify HbA antibody in multiply transfused patients with 
sickle cell disease yielded only negative results (Reichlin, 1975). 

3.3�� Rationale  for the Study Design 

Because of the potential toxicity of busulfan, no treatment control group is included in this 
Phase 1/2 open label study. In addition, since 2 years of retrospective hematological data will be 
collected for each subject in the study, each subject may serve as his/her own control for 
evaluation of transfusion requirements and the evaluation of changes in the nature or frequency 
of the subject-specific main inclusion criterion. 

3.4�� Rationale for the Dose Selected 

Cellular doses of ≥ 0.75 × 106 CD34+ cells/kg are reported to provide acceptable engraftment, 
although the rate and response of engraftment are related to the dose (Perez-Simon et al., 
1998).  For apheresis-procured cells, the dose of ≥ 3 x 106 cells/kg was chosen because this 
number of cells is often obtainable with one mobilization cycle and two collection procedures 
(which are typically well tolerated by subjects) and are anticipated to provide the desired 
engraftment kinetics.  For bone marrow harvest procured cells, the dose of ≥ 1.5 x 106 cells/kg 
was chosen based on consideration of the lower yield expected from this collection method and 
the risk associated with the collection procedures.  In particular, the risks associated with a bone 
marrow harvest are significantly greater than the risks associated with a peripheral mobilization 
and apheresis, primarily due to the inherent toxicities of general anesthesia. The potential risk 
associated with a cell dose between 1.5 and 3.0 × 106 CD34+ cells/kg, as compared to a cell 
dose ≥ 3.0 × 106 CD34+ cells/kg, is a delay in engraftment which is likely to be less than 2 days 
(Miyamoto et al., 2004). Given these data, and the fact that rescue cells are non-transduced and 
therefore should have the best engraftment characteristics, Table 3-1 outlines the source of 
subject cells, usage, and minimal dose to be received. 







http://www.kidney.org/professionals/kdoqi/gfr_calculator.cfm
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5.2�� Summary of Treatments to be Performed or Administered 

After confirmation of eligibility, HSCs must be collected from the subject for 2 purposes – 
transduction for LentiGlobin BB305 Drug Product and for rescue cells (to be used if the subject 
fails to engraft with transduced cells). Table 3-1 outlines the source of the subject cells, usage, 
and the dose of LentiGlobin BB305 Drug Product or rescue.  

Additional details are provided in the following subsections. 

5.2.1�� Mobilization and Apheresis Procedure 

Within the period of 30 days prior to and during the period of mobilization and apheresis, the 
subject’s transfusion regimen may be adjusted to maintain a minimum of 10 g/dL of Hb in order 
to suppress dyserythropoiesis, which can impede the isolation of CD34+ cells enriched for 
undifferentiated HSC. 
A total of 2 mobilization cycles may be performed if needed. Each mobilization cycle may 
include up to 5 apheresis procedure days, but only 2 consecutive apheresis procedure products 
may be sent for transduction for each drug product. Apheresis procedure products are also to be 
used for rescue cells. Mobilization cycles must be separated by at least 2 weeks. A bone marrow 
harvest is also allowed, but only to procure cells for rescue. If 2 mobilization cycles are needed 
to collect enough HSCs to meet the requirement of a total dose of ≥ 3.0 × 106 CD34+ cells/kg, 
then 2 transductions will be performed, 1 on the cells collected during Mobilization Cycle 1 and 
another on the cells collected during Mobilization Cycle 2. Each transduced product from each 
Mobilization Cycles 1 and 2 is an independent drug product. Thus, subjects who require 2 
mobilization cycles to produce the minimum cell dose will be treated with 2 drug products in 
total. 

Potential toxicities of filgrastim, plerixafor, and apheresis are included in the Informed Consent 
form. 

5.2.1.1�� Mobilization 

Recent published data (Yannaki et al., 2013) has indicated that the combination of plerixafor 
and filgrastim may be the most appropriate mobilization strategy for subjects with β-
thalassemia. The mobilization approach below follows this recent data. Modifications to this 
approach are allowed only after consultation with the medical monitor. 

Table 5-1 Mobilization for subjects who have NOT undergone splenectomy 

Mobilization 
day Filgrastim dosea 

Plerixafor dose 
(evening) 

Complete Blood 
Count (CBC) c 

Peripheral 
CD34+ count Apheresis 

1 10 ug/kg     
2 10 ug/kg  X   
3 10 ug/kg  X   
4 10 ug/kg 0.24 mg/kg X   
5 10 ug/kg 0.24 mg/kg X Xd X 
6 (if needed) 10 ug/kg b X X X 
7 (if needed) b b X X X 
8 (if needed) b b X X X 
9 (if needed)   X X X 

a Dosage of filgrastim should be decreased if WBC > 100 × 109/L prior to initiation of apheresis 
b Mobilization regimen after 2 days of apheresis should be discussed with the Medical Monitor. 
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Table 6-2 Schedule of Events:  Conditioning and Drug Product Infusion 
 Preconditioning Conditioning Infusion Post-infusion  

Up to 7 days 
before 

busulfan 
Day -7 to -4 

inclusive Day 0 
Day 1 until 
discharge 

Interval medical history X    

Physical examination  X X X12 X13 

Vital Signs X X X14 X15 

Stop iron chelation X16    

Local lab: Blood for clinical laboratory tests X17 X17 X17 X13,17 

Local lab: Blood for serum β-human chorionic 
gonadotropin for women of child-bearing 
potential (WOCBP; serum pregnancy test) 

X    

Re-confirmation of eligibility X18    

Anti-seizure prophylaxis  X19   

Busulfan chemotherapy (daily or q6h regimen, 
for 4 days) 

 X   

Local laboratory: Blood for busulfan 
pharmacokinetics20 

X X   

Infusion of LentiGlobin BB305 Drug Product   X  

Adverse event collection Continuous from ICF signing 

Concomitant medication collection Continuous from ICF signing 

                                                 
12 To be performed on Day 0 before drug product administration. For adolescents, include height, and Tanner test to monitor 
puberty if relevant. 
13 At least twice a week during hospitalization 
14 To be measured on Day 0 no less frequently than at the start, once during, and upon completion of the infusion 
15 To be performed daily until discharge 
16 Iron chelation must be stopped at least 7 days before initiating busulfan 
17 CBC; serum chemistry; liver function tests; and any other tests required by institutional guidelines, including for example 
testing for CMV, EBV, HSV and VZV IgG. CBC and clinical chemistry should be performed at least every second day until 
neutrophil engraftment is obtained, and frequency should increase if any abnormality of clinical significance is detected.  
18 Review CBC, serum chemistry, liver function tests, physical examination, and interval medical history; verification that 
LentiGlobin BB305 Drug Product has been clinically dispositioned, is available on site and that rescue cells are available.  
19 Anti-seizure prophylaxis to start at least 12 hours before initiating busulfan and to continue at least 24 hours after completion 
of 4 day busulfan course  
20 A test dose of busulfan several days before beginning myeloablation to pre-determine busulfan dose is also permitted.  
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6.2.6�� Samples for Storage and Potential Biomarker Analysis 

Optional blood samples will be collected per the SOE for future research. These samples may be 
used for biomarker analyses of proteins, DNA, RNA and other molecules to study thalassemia 
and/or gene therapy.  Such samples may be stored until the samples are exhausted or until the 
repository is discontinued. The Sponsor will be the custodian of the samples in the repository 
and any unused samples will be destroyed at the Sponsor’s discretion. If possible, optional 
blood, bone marrow, and tissue samples also are to be collected in the event of a subject’s death 
if an autopsy is performed. Leftover samples from protocol procedures (e.g., blood draw for 
integration site analysis) may also be stored (optional) for potential future analyses as described 
above. 

Note that samples routinely collected as part of the manufacture of the drug product may be 
used to study the manufacturing process. In particular these samples may be used to understand 
how the process may be improved or made more robust. These potential studies are not optional. 
Other potential uses of these samples for non-manufacturing improvement research, such as 
biomarker analyses of proteins, DNA, RNA and other molecules to study thalassemia and/or 
gene therapy, are optional. 

Collection and storage of the samples described above will be subject to discretionary approval 
from each center’s IRB/IEC and the subject’s specific written consent. Samples will be labeled 
with a unique identification number that includes no subject identifying information. 

6.2.7�� Demographics and Medical History 

Subject demographic data such as gender, age, race, ethnicity, and country of birth will be 
obtained during Screening. A complete medical history also will be obtained during Screening. 
The medical history is to include all prior and current medical history, including age of first 
transfusion, age of starting regular transfusions (i.e., age at which transfusion needs stabilized to 
between once every 4 to 8 weeks), age of starting iron chelation treatment, and spleen size (cm 
below coastal margin) at enrollment. Transfusions details (mL/kg of RBC, along with the 
associated reticulocyte and Hb values taken prior to the transfusion where available), as well as 
relevant blood bank details (including average volume [mL] per unit), should be collected for 
the 2 years prior to enrollment. 

6.2.8�� Clinical/Physical Examination 

A complete physical examination (including Karnofsky performance status, general appearance; 
head eyes, ears, nose, and throat; cardiovascular; dermatologic, abdominal; genitourinary; 
lymph nodes; hepatic; musculoskeletal; respiratory; and neurological in addition to 
constitutional symptoms, GI, immunology/allergy, stomatology and psychiatric) is to be 
conducted as per the SOE. The subject’s weight is to be measured at every visit that includes a 
physical examination. The subject’s height is to be measured at the Screening visit. 

For adolescents, Tanner staging for assessment of puberty will be done at baseline and 
monitored throughout the study as applicable. Height will be collected for adolescents as per the 
SOE. 

See Section 10.3 for more information on Karnofsky performance status. 



6.2.9 Vital Signs 

6.2.10 Electrocardiogram 

6.2.11 Imaging Studies 

6.2.12 Serology 

6.2.13 Hormonal Testing 

6.2.14 Immunological Testing 

6.2.15 Sperm / Testicular Tissue or Oocyte Banking 
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6.2.17 Liver Biopsy and Liver Imaging 
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6.2.19 Clinical Laboratory Tests 
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When tabulating AE data, partial dates will be handled as follows. If the day of the month is 
missing, the onset day will be set to the first day of the month unless it is the same month and 
year as study treatment. In this case, in order to conservatively report the event as 
treatment-emergent, the onset date will be assumed to be the date of treatment. If the onset day 
and month are both missing, the day and month will be assumed to be January 1, unless the 
event occurred in the same year as the study treatment. In this case, the event onset will be 
coded to the day of treatment in order to conservatively report the event as treatment-emergent. 
A missing onset date will be coded as the day of treatment. 

7.4�� Statistical Methods 

7.4.1�� General Methods 

Tabulations will be produced for appropriate demographic, baseline, efficacy, and safety 
parameters. For categorical variables, summary tabulations of the number and percentage within 
each category (with a category for missing data) of the parameter will be presented. For 
continuous variables, the mean, median, standard deviation, minimum and maximum values will 
be presented. Two-sided, 90% confidence intervals will be calculated as appropriate; a one-
sided 90% confidence interval will be calculated for the primary response endpoint.  

Descriptive summary statistics as well as 2-sided, 90% confidence intervals will be presented on 
selected parameters, as described in the sections below. By-subject listings of data for all 
completed and discontinued subjects will be provided.  

For disease-specific biological parameters and clinical events, including RBC transfusion 
requirements, baseline will be defined as the average of these parameters over the 2 years prior 
to study entry. For other change from baseline analyses, baseline will be defined as the value 
closest to, but prior to transplant. Longitudinal data (collected serially over time on study and 
follow-up) will be presented by appropriate time intervals, such as monthly, quarterly and so 
forth, depending on the nature of the data. 

7.4.2�� Disposition of Subjects 

A tabulation of the disposition of subjects will be presented, including the number enrolled, the 
number with any post-transplant data available for analysis, and the extent of data available. 
Tables and listings will be provided for subjects in each analysis data set, including the 
distribution of subjects according to the β-hemoglobinopathy type. Subject data will also be 
displayed by site. The number of subjects completing the study through 2 years post-transplant 
and reasons for study discontinuation will be reported. Deviations from protocol treatment and 
assessment specifications will be tabulated and listed.  

7.4.3�� Demographic and Baseline Characteristics 

The following demographic and baseline characteristic factors will be summarized: age (current 
and age at diagnosis), country of birth, race and ethnicity, time from diagnosis of 
β-hemoglobinopathy type to confirmation for inclusion in the study, method of diagnosis of 
disease, the presence of any significant co-morbid conditions, the time from diagnosis of 
β-hemoglobinopathy type to treatment, and amount of pRBCs transfused per year (volume per 
year and volume per month) in the 2 years prior to study enrollment. 
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be established at the beginning of the study, maintained for the duration of the study and 
retained according to the appropriate regulations. 

8.2�� Ethical Considerations 

The study will be conducted in accordance with ethical principles founded in the Declaration of 
Helsinki. The IRB / EC and other appropriate institutional regulatory bodies will review all 
appropriate study documentation in order to safeguard the rights, safety, and well-being of the 
subjects. The study will only be conducted at sites where IRB / EC and other appropriate 
institutional regulatory body approval has been obtained. The protocol, Investigator’s Brochure, 
informed consent, advertisements (if applicable), written information given to the subjects 
(including diary cards), safety updates, annual progress reports, and any revisions to these 
documents will be provided to the IRB / EC and other appropriate institutional regulatory bodies 
by the investigator. 

8.3�� Subject Information and Informed Consent 

After the study has been fully explained, written informed consent will be obtained from either 
the subject or his/her guardian or legal representative prior to study participation. The method of 
obtaining and documenting the informed consent and the contents of the consent will comply 
with ICH-GCP and all applicable regulatory requirement(s). 

8.4�� Subject Confidentiality 

In order to maintain subject privacy, all CRFs, accountability records, study reports, and 
communications will identify the subject by initials and the assigned subject number. The 
investigator will grant monitor(s) and auditor(s) from bluebird bio or its designee and regulatory 
authority(ies) access to the subject’s original medical records for verification of data gathered on 
the CRFs and to audit the data collection process. The subject’s confidentiality will be 
maintained and will not be made publicly available to the extent permitted by the applicable 
laws and regulations. 

8.5�� Protocol Compliance 

The investigator will conduct the study in compliance with the protocol provided by bluebird 
bio, and given approval/favorable opinion by the IRB / EC and other appropriate institutional 
regulatory bodies. Modifications to the protocol should not be made without agreement of both 
the investigator and bluebird bio. Changes to the protocol will require written IRB / EC and 
other appropriate institutional regulatory body approval/favorable opinion prior to 
implementation, except when the modification is needed to eliminate an immediate hazard(s) to 
subjects. The IRB / EC may provide, if applicable regulatory authority(ies) permit, expedited 
review and approval/favorable opinion for minor change(s) in ongoing studies that have the 
approval /favorable opinion of the IRB / EC and other appropriate institutional regulatory 
bodies. bluebird bio, Inc., will submit all protocol modifications to the regulatory authority(ies) 
in accordance with the governing regulations.  

When immediate deviation from the protocol is required to eliminate an immediate hazard(s) to 
subjects, the investigator will contact bluebird bio, if circumstances permit, to discuss the 
planned course of action. Any departures from the protocol must be fully documented in the 
CRF and source documentation. 
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8.6�� Direct Access to Source Data 

Monitoring and auditing procedures developed by bluebird bio will be followed, in order to 
comply with GCP guidelines. 

The study will be monitored by bluebird bio or its designee. Monitoring will be done by 
personal visits from a representative of the Sponsor (site monitor) and will include on-site 
review of the CRFs for completeness and clarity, cross-checking with source documents, and 
clarification of administrative matters will be performed. The review of medical records will be 
performed in a manner to ensure that subject confidentiality is maintained. 

The site monitor will ensure that the investigation is conducted according to protocol design and 
regulatory requirements by frequent communications (letter, e-mail, telephone, and fax). 

Regulatory authorities, the IRB / EC and other appropriate institutional regulatory bodies, 
and/or bluebird bio’s clinical quality assurance group may request access to all source 
documents, CRFs, and other study documentation for on-site audit or inspection. Direct access 
to these documents must be guaranteed by the investigator, who must provide support at all 
times for these activities. 

8.7�� Case Report Form Completion 

bluebird bio will provide the clinical sites with a CRF for each subject. 

CRFs will be completed for each study subject. It is the investigator’s responsibility to ensure 
the accuracy, completeness, and timeliness of the data reported in the subject’s CRF. Source 
documentation supporting the CRF data should indicate the subject’s participation in the study 
and should document the dates and details of study procedures, AEs, and subject status.  

The investigator or designated representative should complete the CRF screening pages as soon 
as possible after information is collected, preferably on the same day that a study subject is seen 
for an examination, treatment, or any other study procedure. Any outstanding entries must be 
completed immediately after the final examination. An explanation should be given for all 
missing data. 

The investigator must sign and date the Investigator’s Statement at the end of the CRF to 
endorse the recorded data.  

8.8�� Record Retention 

The investigator will maintain all study records according to ICH-GCP and applicable 
regulatory requirement(s). Records will be retained for at least 2 years after the last marketing 
application approval or 2 years after formal discontinuation of the clinical development of the 
investigational product or according to applicable regulatory requirement(s). If the investigator 
withdraws from the responsibility of keeping the study records, custody must be transferred to a 
person willing to accept the responsibility. bluebird bio, Inc., must be notified in writing if a 
custodial change occurs. 

The Sponsor has full rights over any invention, discovery, or innovation, patentable or not, that 
may occur when performing the study. 



Protocol HGB-204 Version 5.0 Page 56 of 67��
29 June 2015  
 

bluebird bio, Inc.  

8.9�� Liability and Insurance 

bluebird bio, Inc., has subscribed to an insurance policy covering, in its terms and provisions, its 
legal liability for injuries caused to participating persons and arising out of this research 
performed strictly in accordance with the scientific protocol as well as with applicable law and 
professional standards. 

8.10�� Publication and Presentation of Study Findings and Use of Information 

All information regarding LentiGlobin BB305 lentiviral vector and Drug Product supplied by 
bluebird bio to the investigator is privileged and confidential information. The investigator 
agrees to use this information to accomplish the study and will not use it for other purposes 
without consent from bluebird bio. It is understood that there is an obligation to provide 
bluebird bio with complete data obtained during the study. The information obtained from the 
clinical study will be used towards the development of LentiGlobin BB305 lentiviral vector and 
Drug Product and may be disclosed to regulatory authority(ies), other investigators, corporate 
partners, or consultants as required. 

It is anticipated that the results of this study will be presented at scientific meetings and/or 
published in a peer reviewed scientific or medical journal. A Publications Committee comprised 
of investigators participating in the study and representatives from bluebird bio, as appropriate, 
will be formed to oversee the publication and presentation of the study results, which will reflect 
the experience of all participating clinical sites.  

No publication or disclosure of study results will be permitted except under the terms and 
conditions of a separate written agreement between Sponsor and the investigator and/or the 
investigator's institution. 
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10�� APPENDICES 

10.1�� Creatinine Clearance Calculation 

 
Calculate creatinine clearance for males and females as follows: 

In males: 
�� �� �� ���> �@

�� ���> �@�G�/�P�J�F�U�H�D�W�L�Q�L�Q�H

�N�J�Z�H�L�J�K�W�D�J�H

/72

140

�u

�u��
 

In females: 
�� �� �� ���> �@

�� ���> �@ 85.0
/72

140
�u

�u

�u��
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10.3�� Karnofsky Performance Status Scale 

 

The following table presents the Karnofsky performance status scale. 

Points Description 
100 Normal, no complaints, no evidence of disease 
90 Able to carry on normal activity 
80 Normal activity with effort; some signs or symptoms of disease 
70 Cares for self; unable to carry on normal activity or to do active work 
60 Required occasional assistance but is able to care for most of his/her needs 
50 Required considerable assistance and frequent medical care 
40 Disabled; required special care and assistance 
30 Severely disabled; hospitalization indicated. Death not imminent 
20 Very sick; hospitalization necessary; active support treatment necessary 
10 Moribund; fatal processed progressing rapidly 
0 Dead 

Source:  Mor V, Laliberte L, Morris JN, Wiemann M. The Karnofsky Performance Status Scale:  an examination of its reliability 
and validity in a research setting. Cancer 1984;53:2002-2007. 
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10.4�� Iron Reduction Guidelines 

10.4.1�� For subjects who achieve transfusion independent (TI) status within 
3 months post- drug product infusion (“post-HSCT”) 

Assessing chelation needs  
Screening cardiac MRI and liver LIC will be used to evaluate the need for starting iron reduction 
methods at Day +90 post-HSCT based on the table below. 

 

Table 10-1 Iron reduction guidelines post-drug product infusion 

Liver LIC (mg/g) 

Cardiac T2* (ms) 

>20 ms 20-10 ms 

< 8 mg/g No chelation is required  Chelation is indicated 

8-15 mg/g Consider based on serum ferritin and 
hepatitis serologya Chelation is indicated 

>15 mg/g Chelation is indicated Chelation is indicated 
a Chelation is recommended only if serum ferritin is >2000 ng/ml at Day +90 or hepatitis B/C serology was positive pre-transplant. 
 
 

If iron reduction methods need to be started based on guidelines in Table 10-1, they should be 
initiated after Day +90, once subjects are medically stable. Earlier initiation of iron reduction 
(<90 days post-HSCT) should be discussed with the medical monitor.  

Subjects who have achieved the TI status but do not start iron reduction methods on Day +90 
(based on Table 10-1), should still be continually reassessed for chelation needs post-HSCT 
based on the SOE of the relevant protocol. 

Iron Reduction Recommendations 
Chelation is recommended using oral deferasirox (Exjade) or deferoxamine (Desferal) infusion, 
depending on institutional choice and subjects’ pre-transplant experience.  

Deferiprone is not recommended at Day +90 because of its effect on the bone marrow, but its use 
can be evaluated > 6 months post-transplant.  

Starting dose of chelator is recommended based on institutional protocols. Doses may need to be 
adjusted continuously based on serum ferritin levels to prevent toxicity.  

Phlebotomy can also be used in subjects who have Hb consistently ≥ 11 g/dl.  

Reducing and Stopping Iron Reduction Treatment 
To avoid toxicity, once serum ferritin is ≤ 1000 ng/ml, downward adjustment of dose of chelator 
and decreasing the frequency of phlebotomy is advised, as per institutional protocols. 

Iron reduction methods should be stopped once liver LIC is ≤ 5 mg/g dry wt. and serum ferritin 
is <500 ng/ml. 
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10.4.2�� For subjects who are not TI at 3 months post-HSCT 

For subjects who contain to require transfusions, chelation should be re-started at Day +90 post-
HSCT following guidelines in Section 10.4.1 

To avoid toxicity, once serum ferritin is ≤ 1000 ng/ml, downward adjustment of dose of chelator 
and decreasing the frequency of phlebotomy is advised, as per institutional protocols. 

Chelation should be discontinued if they become TI, and their Liver LIC is <5mg/g and serum 
ferritin is <500 ng/ml.  

Subjects who are not taking chelators should be continually reassessed for chelation needs post-
HSCT based on the SOE of the relevant protocol. 
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Protocol Title: A Phase 1/2, Open Label Study Evaluating the Safety and Efficacy of Gene 
Therapy in Subjects with �E-Thalassemia Major by Transplantation of 
Autologous CD34+ Stem Cells Transduced Ex Vivo with a Lentiviral 
�EA-T87Q-Globin Vector (LentiGlobin BB305 Drug Product) 

Protocol Number: HGB-204 Version 5.0 (29 June 2015)  

INVESTIGATOR STATEMENT 

I have read, understood, and agree to abide by all the conditions and instructions contained in this protocol. 

I understand that all documentation provided to me by bluebird bio or its designated representative(s) concerning 
this study that has not been published previously will be kept in the strictest confidence. This documentation 
includes the study protocol, investigator brochure, case report forms, and other scientific data. 

I agree to personally conduct or supervise the described investigation(s). 

I agree to inform any subjects, or any persons used as controls, that the Drug Product is being used for 
investigational purposes and I will ensure that the requirements relating to obtaining informed consent, as per local 
regulations and under Good Clinical Practice (GCP), are met. 

I agree to report to the Sponsor adverse events that occur in the course of the investigation(s) in accordance with this 
protocol and as required by local regulations and under GCP.  

I have read and understand the information in the Investigator’s Brochure, including the potential risks and side 
effects of the Drug Product. 

I agree to maintain adequate and accurate records and to make those records available for inspection in accordance 
with local regulations and under GCP. 

I will ensure that an ethics committee that complies with all local regulations and GCP requirements will be 
responsible for the initial and continuing review and approval of the clinical investigation.  

I also agree to promptly report to the ethics committee all changes in the research activity and all unanticipated 
problems involving risks to human subjects or others.  

I agree that this study will not commence without the prior approval of the appropriate national health authorities 
together with a properly constituted ethics committee. I agree that no changes will be made to the study protocol 
without the prior written approval of bluebird bio and the aforementioned regulatory bodies, as applicable in the 
relevant laws and regulations. 

I agree to ensure that all associates, colleagues, and employees assisting in the conduct of the study(ies) are 
informed about their obligations in meeting the above commitments. 

 

Investigator Name  Investigator Signature  Date 

 
Investigational site or name of institution and location (printed) 
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